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1
OPTICAL MODULE WITH A LIGHT
RECEIVING ELEMENT RECEIVING
LEAKAGE LIGHT AND METHOD OF
MONITORING OPTICAL MODULE BY
RECEIVING LEAKAGE LIGHT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2013-
005301 filed on Jan. 16, 2013, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to an optical
module and a method of monitoring an optical module.

BACKGROUND

Japanese Laid-open Patent Publication No. 2011-141478
has disclosed a structure of a multi-channel optical transmit-
ter in which a signal light condensed by a lens is branched,
and is monitored by a monitoring PD for each channel.

However, in the technique in Japanese Laid-open Patent
Publication No. 2011-141478, a light emitting element and a
light receiving element are provided with a same substrate,
and thus the output wire lines of the light receiving element
have to be provided with that substrate. In this case, the
thickness of an optical transmitter increases, and the device
becomes large in size.

SUMMARY

According to an aspect of the embodiment, an optical
module include a first substrate including a first surface over
which a light emitting element is mounted, an optical
waveguide provided with a second surface of the first sub-
strate, a mirror configured to reflect output light of the light
emitting element to the optical waveguide, a second substrate,
and a light receiving element configured to receive leakage
light produced when the output light from the light emitting
element is transmitted through the mirror disposed in the
optical waveguide, the light receiving element being mounted
over the second substrate different from the first substrate.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an outer perspective view of an optical module
according to a first embodiment;

FIG. 2A is a top view of the optical module, and FIG. 2B is
a sectional view taken on line IIB-1IB in FIG. 2A;

FIG. 3 is adiagram illustrating flows of an electronic signal
and an optical signal;

FIG. 4A is a top view of an optical module according to a
comparative example, and FIG. 4B is a sectional view taken
on line IVB-IVB in FIG. 4A;
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FIG. 5A is a top view of an optical module according to a
second embodiment, and FIG. 5B is a sectional view taken on
line VB-VB in FIG. 5A;

FIG. 6 is a diagram illustrating flows of'an electronic signal
and an optical signal;

FIG. 7 is an example of a flowchart executed by a control
unit at the time of monitoring an optical signal;

FIG. 8 is an example of a flowchart executed by a control
unit at the time of monitoring an optical signal; and

FIG. 9 is a block diagram for explaining a hardware con-
figuration when the control unit is configured by a processing
unit that executes a program.

DESCRIPTION OF EMBODIMENTS

In the following, a description will be given of embodi-
ments with reference to the drawings.

FIG. 1 is an outer perspective view of an optical module
100 according to a first embodiment. The optical module 100
is an optical transmitter and receiver. However, in the follow-
ing, for simplification, a description will be mainly given of'a
function of a transmitter. Referring to FIG. 1, the optical
module 100 includes an optical transmitter 10, an electrical
connector 20, an optical module substrate 30, a transmission
line 40, and so on. The optical transmitter 10 is a sheet-like
transmitter (flexible printed circuit optical engine (FPC-
OE)), for example. The optical module substrate 30 is a
substrate over which electric wiring lines, and so on are
disposed, and functions as an interface with an external
device. The optical transmitter 10 is fixed on the optical
module substrate 30 through the electrical connector 20. The
optical transmitter 10 receives an electronic signal from the
optical module substrate 30 through the electrical connector
20, and the optical transmitter 10 transmits an optical signal
through the optical waveguide 40.

Next, a description will be given of the details ofthe optical
module 100. FIG. 2A is a top view of the optical module 100.
FIG. 2B is a sectional view taken on line IIB-1IB in FIG. 2A.
Referring to FIG. 2A and FIG. 2B, a control unit 31, light
receiving elements 32, and so on are provided with the main
surface of the optical module substrate 30. The control unit 31
and the light receiving elements 32 are connected through
electric wiring lines 34. The electrical connector 20 is pro-
vided with the main surface of the optical module substrate
30, and is connected to the control unit 31 through electric
wiring lines 34. The optical transmitter 10 is fixed to the
electrical connector 20 so as to be opposed to the optical
module substrate 30. In this regard, the optical transmitter 10
may be disposed over the optical module substrate 30 with a
predetermined distance away with each other.

The optical transmitter 10 includes a circuit substrate 11, a
drive circuit 12, a light emitting element 13, an optical
waveguide 14, and so on. In the present embodiment, the
optical transmitter 10 supports four channels as one example.
Thus, the optical transmitter 10 is provided with four light
emitting elements 13. The drive circuit 12 and the individual
light emitting elements 13 are provided with a first surface of
the circuit substrate 11. The first surface of the circuit sub-
strate 11 is an opposite side surface to the optical module
substrate 30. The optical waveguide 14 is provided with a
second surface of the circuit substrate 11. The second surface
of'the circuit substrate 11 is a surface of the side of the optical
module substrate 30.

The circuit substrate 11 is, for example, a flexible printed
circuit substrate (FPC) having flexibility, and wiring conduc-
tors are patterned on the first surface thereof. For the circuit
substrate 11, a thin and transparent material having a little
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electronic signal loss at the higher frequencies is used. For
example, it is possible to use polyimide, and so on for the
circuit substrate 11. A pair of differential electronic signal
lines 15 are provided with the first surface of the circuit
substrate 11 for each channel. In the present embodiment,
eight electronic signal lines 15 are disposed for four channels.
One end of these electronic signal lines 15 is connected to an
external device through the electrical connector 20, and the
other end is connected to each of the light emitting elements
13 through the drive circuit 12. The drive circuit 12 drives
each of the light emitting elements 13 in accordance with the
main signals of the channels 1 to 4 that are transmitted from
an external device.

The light emitting element 13 is a light source, such as a
semiconductor laser, and so on. For the light emitting element
13, it is possible to use a vertical cavity semiconductor emis-
sion laser (VCSEL), for example. The output light of the light
emitting element 13 is transmitted through the circuit sub-
strate 11 in the thickness direction thereof, and enters into the
optical waveguide 14. In this regard, a hole may be formed on
the circuit substrate 11 in the light path through which the
output light of the light emitting element 13 passes. Also, a
lens, and so on may be disposed at a place through which the
output light of the light emitting element 13 passes.

The optical waveguide 14 is a polymer optical waveguide
made of, for example, epoxy resin, acrylate resin, or the like.
For example, the optical waveguide 14 includes a core 14a in
the center section, and a clad 145 having a lower refraction
factor than the core 14a and disposed around the core 14a.
With this configuration, a signal light in the core 14a is
transmitted while being subjected to total reflection at the
boundary face of the core 14a and the clad 145. Four pieces of
the cores 14a are disposed correspondingly to the channels of
the optical transmitter 10.

A mirror 14c¢ is disposed at the place where output light of
each light emitting element 13 enters into the optical
waveguide 14. The mirror 14c¢ is an optical axis change unit
for optically coupling the output light of each light emitting
element 13 to the core 14a. The mirror 14¢ is formed by
cutting the optical waveguide 14 by, for example, dicing, laser
processing, and so on. The gradient angle of mirror 14¢ is 45
degrees, for example. Thereby, the mirror 14¢ reflects the
output light of each light emitting element 13 to each core
14a.

Four light receiving elements 32 are disposed correspond-
ingly to the channels of the optical transmitter 10. Each light
receiving element 32 is disposed in an opposed manner to
each light emitting element 13 through the circuit substrate 11
and the optical waveguide 14. Thereby, it is possible for each
light receiving element 32 to receive leakage light of the
mirror 14c¢. Each light receiving element 32 transmits an
electronic signal obtained by photoelectric conversion to the
control unit 31.

FIG. 3 is adiagram illustrating flows of an electronic signal
and an optical signal. Referring to FIG. 3, the drive circuit 12
transmits a drive signal to each light emitting element 13 in
accordance with each of the main signals of the channels 1 to
4, which is transmitted from the external device. Each light
emitting element 13 outputs an optical signal in accordance
with the drive signal from the drive circuit 12. The optical
signal output by each light emitting element 13 is reflected by
the mirror 14¢, and enters the optical waveguide 14. The
leakage light of the mirror 14¢ is received by each light
receiving element 32. Each light receiving element 32 trans-
mits the electronic signal obtained by photoelectric conver-
sion to the control unit 31. After going through the above
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processes, it is possible to monitor an optical signal (for
example, optical output power) for each channel.

Here, in order to explain advantages of the optical module
100, a description will be given of a comparative example.
FIG. 4A is a top view of an optical module 200 according to
the comparative example. FIG. 4B is a sectional view taken
on line IVB-IVB in FIG. 4A. Referring to FIG. 4A and FIG.
4B, in the optical module 200, a mirror 144 for reflecting part
of'an optical signal to a circuit substrate 11 side is disposed in
the middle of the optical waveguide 14. The light reflected by
the mirror 144 is transmitted in the thickness direction of the
circuit substrate 11. Each light receiving element 32 is pro-
vided with a first surface of the circuit substrate 11 so as to
receive the reflected light of the mirror 144. In this manner,
both each light emitting element 13 and each light receiving
element 32 are provided with the first surface of the circuit
substrate 11.

In the optical module 200, each light receiving element 32
is provided with the first surface of the circuit substrate 11,
and thus output wire lines 16, through which an electronic
signal output by each light receiving element 32 passes, go
through on the first surface of the circuit substrate 11, and are
connected to an optical module substrate 30 through an elec-
trical connector 20. In such a configuration, both electronic
signal lines 15 and output wire lines 16 are provided with the
first surface of the circuit substrate 11, and thus the number of
electrical connectors 20 becomes large. Accordingly, the
width of the circuit substrate 11 becomes large. Also, leakage
light occurs on the mirror 14¢, and further part of the optical
signal is branched by the mirror 144, and thus optical signal
power transmitted from the optical transmitter 10 becomes
small.

In contrast, in the first embodiment, each light receiving
element 32 is provided with the optical module substrate 30,
and thus it is possible to transmit the output light of the light
emitting element 13 to the optical module substrate 30 with-
out conversion into an electronic signal. In this case, output
wire lines for the light receiving elements 32 do not have to be
provided with the circuit substrate 11, and thus it is possible
to reduce the number of pins of the electrical connector 20.
Thereby, it is possible to decrease the width of the circuit
substrate 11. As a result, it becomes possible to miniaturize
the optical module 100. Also, in the first embodiment, it is
possible to use leakage light at the mirror 14¢ for monitoring,
and thus a branch for monitoring as in the comparative
example becomes useless. Thereby, it is possible to suppress
a decrease in power of the optical signal transmitted from the
optical transmitter 10. In this regard, in the present embodi-
ment, the circuit substrate 11 functions as a first substrate
including the first surface over which the light emitting ele-
ment 13 is mounted, and a second surface over which the
optical waveguide 14 is disposed. Also, the optical module
substrate 30 functions as a second substrate over which the
light receiving elements 32 receiving the leakage light of the
mirror 14c¢ is mounted.

In the first embodiment, a light receiving element is dis-
posed for each channel. However, the present disclosure is not
limited to this. For example, one light receiving element may
be disposed in common for a plurality of channels. FIG. 5A is
a top view of an optical module 100a according to a second
embodiment, and FIG. 5B is a sectional view taken on line
VB-VB in FIG. 5A. Referring to FIG. 5A and FIG. 5B, in the
optical module 100a, one light receiving element 33 is dis-
posed for a plurality of channels. In the example in FIG. 5A
and FIG. 5B, one light receiving element 33 is disposed for
four channels. The light receiving element 33 has a larger
light receiving diameter than that of the light receiving ele-
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ments 32 of the first embodiment so as to make it possible to
receive optical signals of a plurality of channels.

The control unit 31 includes a frequency detector 34. The
frequency detector 34 is a detector that detects a specific
frequency component. For example, the frequency detector
34 is a frequency filter capable of changing a frequency
component that can be transmitted. The frequency detector 34
detects a specific frequency component from the electronic
signal output by the light receiving element 33 in accordance
with an instruction of the control unit 31, and transmits the
specific frequency component to the control unit 31. The
control unit 31 monitors the optical signal (for example, opti-
cal output power) output by the light emitting element 13 of
each channel on the basis of the frequency component.

FIG. 6 is adiagram illustrating flows of an electronic signal
and an optical signal. Referring to FIG. 6, the drive circuit 12
transmits a drive signal (voltage signal, and so on) to each
light emitting element 13 in accordance with each main signal
of the channels 1 to 4, which is transmitted from the external
device, and a control signal (a current signal, a drive ampli-
tude, and so on) transmitted from the control unit 31. The
control signal is a signal for superposing low frequency com-
ponents on the output light of each light emitting element 13.
Each light emitting element 13 outputs an optical signal, on
which alow frequency having different one of frequencies (f1
to f4) for each channel is superposed, in accordance with the
drive signal from the drive circuit 12.

The optical signal output by each light emitting element 13
is reflected by the mirror 14¢, and enters the optical
waveguide 14. The leakage light from the mirror 14c is
received by the light receiving element 33. The light receiving
element 33 transmits an electronic signal obtained by photo-
electric conversion to the frequency detector 34. The fre-
quency detector 34 detects a specific one of the frequency
components (fl to f4), and transmits the frequency compo-
nent to the control unit 31. The control unit 31 may monitor
the optical signal (for example, optical output power) output
by the light emitting element 13 of each channel on the basis
of the frequency component received from the frequency
detector 34. After going through the above processes, it is
possible to monitor an optical signal (for example, optical
output power) for each channel. Also, the control unit 31 may
transmit a monitor result to an external system.

FIG. 7 is an example of a flowchart executed by the control
unit 31 at the time of monitoring the optical signal. In this
regard, in FIG. 7, for simplification of the description, the
number of channels is set to two. First, the drive circuit 12
transmits a drive signal to each light emitting element 13 so as
to turn on the optical output of each channel (step S1). Next,
the control unit 31 superposes a low frequency component on
the optical signal of each channel (step S2). Specifically, the
control unit 31 superposes a low frequency component of a
frequency f1 on the optical signal of channel 1, and super-
poses a low frequency component of a frequency 2 on the
optical signal of channel 2.

Next, the control unit 31 causes the frequency detector 34
to detect the frequency component of frequency {1, and deter-
mines whether the frequency component is received by the
light receiving element 33 or not (step S3). In step S3, if
determined to be “No”, the control unit 31 issues an alarm
stating that a problem occurs in any one of the devices in
channel 1 (the drive circuit 12, the light emitting element 13,
and so on) to the external system (step S4). In step S3, if
determined to be “Yes”, the control unit 31 causes the fre-
quency detector 34 to detect the frequency component of
frequency 2, and determines whether the frequency compo-
nent is received by the light receiving element 33 or not (step
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S5). In step S5, if determined to be “No”, the control unit 31
issues an alarm stating that a problem occurs in any one of the
devices in channel 2 (the drive circuit 12, the light emitting
element 13, and so on) to the external system (step S6). After
execution of step S4 or S6, or if determined to be “Yes” in step
S5, the execution of the flowchart is terminated.

In this manner, by detecting frequency components (f1 and
f2) of channel 1 and channel 2 in sequence, it is possible to
determine whether a problem does not occur in the devices in
each channel. In this regard, in the case where the number of
channels is three or more, by detecting a frequency compo-
nent of each channel, it is possible to determine whether a
problem has occurred in the devices in each channel. Also,
since the optical signals of a plurality of channels are com-
monly received by one light receiving element, interference
of'the optical signals among the channels, which is caused by
tolerances of the electrical connector 20, misalignment of the
light emitting element 13, diffusion of the output light of the
light emitting element 13, and so on, does not have to be
considered. Also, if a low frequency having a frequency such
as not influencing the transmission of the optical signal, it is
possible to monitor the optical signal of each channel during
transmission of the optical signal.

In the present embodiment, the control unit 31 functions as
aprocessing unit that performs processing to superpose indi-
vidually different frequency components on the output light
of the plurality of light emitting elements 13. Also, the fre-
quency detector 34 functions as a detection unit to detect a
frequency component from the electronic signal obtained by
photoelectric conversion by the light receiving element 33.

In the above embodiment, in order to monitor an optical
signal of each channel, a low frequency component having a
different frequency for each optical signal is superposed.
However, the present disclosure is not limited to this. For
example, before starting the optical module 100, and so on, it
is possible to monitor an optical signal of each channel by
outputting the optical signal of each channel in sequence at
timing not overlapping by time division multiplexing, and so
on.

FIG. 8 is an example of a flowchart executed by the control
unit 31 at the time of monitoring an optical signal. In this
regard, in FIG. 8, for simplification of the description, the
number of channels is set to two. First, the drive circuit 12
causes the light emitting element 13 of a channel 1 to output
an optical signal without causing the light emitting element
13 of the channel 2 to output an optical signal (step S11).
Next, the control unit 31 determines whether the light receiv-
ing element 33 is detecting an optical signal or not (step S12).
In step S12, if determined to be “No”, the control unit 31
issues an alarm stating that a problem occurs in any one of the
devices (the drive circuit 12, the light emitting element 13,
and so on) in the channel 1 to the external system (step S13).

If determined to be “Yes” in step S12, the control unit 31
causes the light emitting element 13 of the channel 1 to stop
outputting an optical signal (step S14). Next, the drive circuit
12 causes the light emitting element 13 of the channel 2 to
output an optical signal (step S15). Next, the control unit 31
determines whether the light receiving element 33 is detect-
ing the optical signal or not (step S16). In step S16, if deter-
mined to be “No”, the control unit 31 issues an alarm stating
that a problem occurs in any one of the devices (the drive
circuit 12, the light emitting element 13, and so on) in the
channel 2 to the external system (step S17). After execution of
step S13 or S17, or when determined to be “Yes” in step S16,
the execution of the flowchart is terminated.

In this manner, by outputting the optical signals of channel
1 and channel 2 at timing not overlapping with each other in
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sequence, it is possible to determine whether a problem has
occurred in the devices of each channel or not. In this regard,
if the number of channels is three or more, it is possible to
determine whether a problem has occurred in the devices of
each channel or not by outputting the optical signal of each
channel in sequence.

In this variation, the control unit 31 performs as a function
of a processing unit that causes a plurality of light emitting
elements 13 to output light in sequence at timing not overlap-
ping with each other, and as a function of a detection unit that
detects an electronic signal obtained by photoelectric conver-
sion by the light receiving element 33.

The control unit 31 of each of the above-described embodi-
ments may be configured by a dedicated circuit, and so on,
and also may be achieved by a processing unit that executes a
program. FIG. 9 is a block diagram for explaining a hardware
configuration when the control unit 31 is configured by a
processing unit that executes a program. Referring to FIG. 9,
the control unit 31 includes a CPU 101, a RAM 102, a storage
device 103, an interface 104, and so on. Each of these devices
is connected through a bus, and so on. The central processing
unit (CPU) 101 is a central processor. The CPU 101 includes
one core or more. The random access memory (RAM) 102 is
avolatile memory that temporarily stores programs executed
by the CPU 101, data processed by the CPU 101, and so on.
The storage device 103 is a nonvolatile storage device. For the
storage device 103, it is possible to use a solid state drive
(SSD), for example, a read only memory (ROM), a flash
memory, and so on, and a hard disk driven by a hard disk
drive, and so on. The CPU 101 executes a predetermined
program so that control unit 31 is achieved in the optical
module 100 or 1004.

By the above disclosure of an optical module and a method
of monitoring the optical module, it provides an optical mod-
ule capable of being made smaller in size.

In the above, the detailed descriptions have been given of
the embodiments of the present disclosure. However, the
present disclosure is not limited to a specific embodiment. It
is possible to make various alternations and modifications
within the spirit and scope of the appended claims.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. An optical module, comprising:

a first substrate including a first surface over which a plu-

rality of light emitting elements are mounted;

an optical waveguide provided with a second surface of the

first substrate;

a mirror configured to reflect output light of the light emit-

ting element to the optical waveguide;

a second substrate; and

a plurality of light receiving elements configured in an

opposed manner to the plurality of light emitting ele-
ments to receive leakage light of the mirror through the
first substrate and the optical waveguide, the light
receiving elements being mounted over the second sub-
strate.
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2. The optical module according to claim 1,

the mirror further comprises at least one mirror corre-
sponding to the plurality of the light emitting elements,
and

a light receiving element of the plurality of light receiving
elements has a light receiving diameter configured to
receive the leakage light produced when output light
from the plurality of the light emitting elements is trans-
mitted through the at least one mirror disposed in the
optical waveguide.

3. The optical module according to claim 2, further com-

prising:

a processing unit configured to perform processing to cor-
respondingly superpose individually different fre-
quency components on the output light from the plural-
ity of the light emitting elements; and

a detection unit configured to detect the frequency compo-
nents from an electronic signal obtained by photoelec-
tric conversion using the light receiving element.

4. The optical module according to claim 2, further com-

prising:

a processing unit configured to cause the plurality of light
emitting elements to output light in sequence at timing
not overlapping; and

a detection unit configured to detect an electronic signal
obtained by photoelectric conversion by the light receiv-
ing element.

5. A method of monitoring an optical module including a
first substrate including a first surface over which a light
emitting element is mounted, an optical waveguide provided
with a second surface of the first substrate, a mirror config-
ured to reflect output light of the light emitting element to the
optical waveguide, the method comprising

receiving leakage light of the mirror through the first sub-
strate and the optical waveguide produced when the
output light from the light emitting element is transmit-
ted through the mirror using a light receiving element
provided with a second substrate provided with the sec-
ond surface of the first substrate, the first substrate being
different from the second substrate.

6. The method of monitoring an optical module according

to claim 5,

wherein a plurality of the light emitting elements are dis-
posed and the mirror comprises at least one mirror cor-
responding to the plurality of the light emitting ele-
ments,

the light receiving element has a light receiving diameter
configured to receive the leakage light produced when
output light from the plurality of the light emitting ele-
ments is transmitted through the at least one mirror,

different frequency components are individually super-
posed on output light of the plurality of light emitting
elements, and

the light receiving element detects the frequency compo-
nents from an electronic signal obtained by photoelec-
tric conversion.

7. The method of monitoring an optical module according

to claim 5,

wherein a plurality of the light emitting elements are dis-
posed;

the light receiving element has a light receiving diameter
configured to receive the leakage light produced when
the output light from the plurality of the light emitting
elements is transmitted through the at least one mirror;

the plurality of the light emitting elements output light in
sequence at timing not overlapping; and
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the light receiving element detects an electronic signal
obtained by photoelectric conversion.

#* #* #* #* #*

10



